A High Spectral Resolution Lidar (HSRL) using an unseeded laser is designed to separate Mie from total atmospheric backscatter by means of a tunable interferometer. The separation is achieved by tuning the interferometer' s free spectral range (FSR) to longitudinal mode separation of the laser. When this condition is achieved, the interferometer transmits aerosol and molecular backscatter with different efficiencies due to their spectral properties.
INTRODUCTION
Conventional aerosol lidar systems collect the atmospheric backscattered radiation from aerosols and molecules at the same wavelength of the laser emission. Many inversion methods [1] [2] [3] [4] [5] intend to determine aerosol backscatter and extinction modelling the molecular profile by using the atmospheric temperature and pressure height distribution. This method needs to estimate the aerosol backscatter-to-extinction ratio.
Rotational-vibrational nitrogen and oxygen Raman shifted backscatter returns are not affected by aerosol backscatter and can be combined to the elastic return to determine aerosol backscatter and extinction. However, the Raman cross section is small and the Raman shift may be important. This method needs the extinction spectral dependence (Ångström coefficient) which can be imposed or calculated from other profiles [6] . Pure rotational Raman returns may provide a stronger signal which is spectrally closer to the elastic emission but the signal is very weak.
As the spectral broadening of the laser emission due to the molecular backscatter is much wider than the one from aerosol backscatter, lidars can use this property to separate molecules from aerosol. The laser emission must be such that the broadened returns from molecules and aerosols are spectrally different. Traditional HSRL uses a single mode laser which linewidth is narrower that the molecular backscatter broadening. The collected light passes through a Fabry Perot interferometer (acting as a narrow band-pass filter) or an atomic filter (acting as a notch filter) [7] [8] A different HSRL technique using an unseeded multimode laser is proposed on this paper.
METHODOLOGY
This method intends to separate the aerosol and molecular backscatter returns from the atmospheric backscattered generated by the fine spectral structure of the emission modes of an unseeded laser. The laser cavity generates longitudinal modes equally spaced in the spectrum modulated by the laser gain curve. For example, a 60 cm effective length cavity will have 120 modes in 1 cm -1 . The aerosol backscattered return will have similar spectral signature than the unseeded laser but the molecular backscatter return will be pressure and temperature broadened.
Let' s consider a filter placed at the lidar detection unit which spectral transmission function is periodic and which local maximums (or minimums) coincide with the longitudinal modes of the unseeded laser source. This filter will affect considerably the aerosol return, but not the atmospheric-broadened molecular return which will be constant and will have an efficiency equal to the spectrally-integrated filter transmission. The interferometer (Fabry Perot, Michelson, Mach Zehnder) path difference must be equal or multiple (or sub-multiple) of the laser effective cavity length.
The signal obtained for the fundamental or laser harmonics by this channel is represented by eq. 1:
where S mol and S aer are the range r dependent molecular and aerosol attenuated backscatter returns respectively; the variables a and b are the molecular and aerosol detection efficiencies for this channel. This is a major change from a standard channel, that collects the molecular and aerosol signals with the same efficiency, and makes possible the calculation of separated molecular and aerosol attenuated backscatter independently. If a second detector collecting the complementary light, the system will improve its performance. This can be done using Michelson or Mach Zehnder interferometers. The first consequence of this improvement is that the channel sum provides the total backscattered signal making useless the presence of an additional elastic channel. Furthermore, analyzing equations (2) and (3) ( ) 
it can be seen that the subtraction of (2) (4) This is the basic concept of the multi-mode High Spectral Resolution Lidar (MM-HSRL).
Reference [10] shows a direct detection wind lidar that uses a multimode laser and a quadri-channel Mach-Zehnder interferometer to measure aerosol wind speed extracted from its Doppler-shifted return.
ANALYSIS
To start the analysis prior to the construction we must take into account several conditions. This work study the interferometer misalignment effects while [9] studies comes other issues like angular alignment and some laser emission properties.
This system is very sensible to the interferometer path difference. Solving the aerosol equation like in (4) when this path is not the optimum can lead to an ill posed problem adding noise or making impossible to reach to a solution. We use the matrix condition number (maximum to minimum singular value ratio) as an indicator of the stability of this inversion.
We will study the alignment problem considering first the effect of the precision analyzing the signal behavior close to the absolute maximum, and then the effect of the accuracy analyzing the local maximum intensities as a function of its distance to the absolute maximum.
For this analysis a simulation was done using the following parameters:
• The laser considered was a Nd:YAG with maximum gain set at 1064.15 nm • Laser gain curve was simulated to have Gaussian shape of 1 cm -1 FWHM
• The cavity effective length was considered to be 48.5 cm (FSR=0.0104 cm -1 ) with a front mirror reflectivity equal to 16%
• The atmospheric molecular broadening was set 3 GHz • No broadening nor wavelength shift was considered for the aerosol backscatter • The interferometers simulated were Fabry Perot (reflectivity 40%) and Michelson (or Mach Zehnder)
If the interferometer is close to its best alignment position (accurate alignment) then it has reached a region at which minor movements create an important change in the intensity of the transmitted aerosol backscatter radiation. Then a precise alignment is required. For the analysis simulation the ratio from the maximum to the minimum is about 2.33 and 1.91 for Michelson and Fabry Perot respectively. Figure 1 shows the percentage of the backscatter intensity transmitted by the interferometers from molecular and aerosol backscatter returns. Figure 2 show the condition number (maximal to minimal singular value ratio) where larger is worst. Even if the interferometer may track a local maximum, it may be still far from the absolute maximum (lack of accuracy). As for the system precision study, Figure 3 shows the percentage of the backscatter intensity from molecules and particles in a system which is precisely aligned to its local maximum as a function of its displacement to the absolute maximum. From these curves it is clear that the accuracy of the simulated system should be better that ±0.1% of the cavity length (±1 mm) to have a 10% reduction of the aerosol signal. Figure 4 shows the condition number. Using both channels of the Michelson interferometer leads always to better accuracy in the calculation. 
